. In some instances, this approach may fail because of a breakdown of the galvanic assumption, and a direct integral equation modeling approach to remove bathymetric distortion is required (37). A tensor decomposition (35) was fit to the data but found to have little effect at all periods. In fact, the uncorrected MT tensor displays most of the characteristics of a 2D medium with a strike direction coincident with that of the ridge. 23. J. T. Smith and J. R. Booker, J. Geophys. Res. 96, 3905 (1991). 24. For the inversion algorithm to achieve satisfactory convergence, the target error level has to be larger than 1 SD, probably due to the influence of local topography that is not incorporated in the model, especially large-scale, fault-controlled valleys and seamounts. This is especially true for the apparent resistivity due to static shift, in which the observed amplitude is uncertain by a frequency-independent scale factor. For this reason, error levels on apparent resistivity were increased by a factor of 3 to emphasize fitting the phase. Other inversions were also carried out placing different relative weights on the observed apparent resistivities and phases and selectively downweighting stations that are close to large local topographic features to ensure that the firstorder deep structures are retrieved regardless of error levels and achieved misfit value. In addition, the preferred model was derived by setting error thresholds of 5% on apparent resistivity and 5% on phase; this means that individual error estimates smaller than the prescribed threshold are increased to this value, but are left unaltered otherwise. 25. The electromagnetic distortion was computed numerically from the measured bathymetry (9) using a thin sheet of spatially variable conductance to simulate depth variations of the ocean. The area between longitudes 110°W and 115°W and latitudes 15°S and 18°S was discretized into 2-km by 2-km square cells and converted into a conductance map. The conductance in a given cell is simply the water depth times an average seawater conductivity of 3.3 S/m. The bathymetric distortion model also depends on the conductivity structure of the mantle, but previous work has shown that mutual coupling between surficial inhomogeneities and deep-mantle lateral heterogeneities is weak (38). Hence, the distortion is primarily a function of the sea-floor topography, and a 1D mantle model suffices for the stripping process. This model includes a 50-kmthick lithosphere of resistivity 1000 ohm-m overlying a more conductive mantle with a resistivity decreasing monotonically from 200 ohm-m beneath 50 km and terminating in a 1 ohm-m half-space below 600 km. The confidence intervals on the corrected MT tensor were calculated using the nonparametric jackknife (33 A reconstruction of sea surface temperature based on alkenone unsaturation ratios in sediments of the Bermuda Rise provides a detailed record of subtropical climate from 60,000 to 30,000 years ago. Northern Sargasso Sea temperatures changed repeatedly by 2°to 5°C, covarying with high-latitude temperatures that were previously inferred from Greenland ice cores. The largest temperature increases were comparable in magnitude to the full glacial-Holocene warming at the site. Abrupt cold reversals of 3°to 5°C, lasting less than 250 years, occurred during the onset of two such events (Greenland interstadials 8 and 12), suggesting that the largest, most rapid warmings were especially unstable.
(35). In some instances, this approach may fail because of a breakdown of the galvanic assumption, and a direct integral equation modeling approach to remove bathymetric distortion is required (37). A tensor decomposition (35) was fit to the data but found to have little effect at all periods. In fact, the uncorrected MT tensor displays most of the characteristics of a 2D medium with a strike direction coincident with that of the ridge. 23. J. T. Smith and J. R. Booker, J. Geophys. Res. 96, 3905 (1991) . 24. For the inversion algorithm to achieve satisfactory convergence, the target error level has to be larger than 1 SD, probably due to the influence of local topography that is not incorporated in the model, especially large-scale, fault-controlled valleys and seamounts. This is especially true for the apparent resistivity due to static shift, in which the observed amplitude is uncertain by a frequency-independent scale factor. For this reason, error levels on apparent resistivity were increased by a factor of 3 to emphasize fitting the phase. Other inversions were also carried out placing different relative weights on the observed apparent resistivities and phases and selectively downweighting stations that are close to large local topographic features to ensure that the firstorder deep structures are retrieved regardless of error levels and achieved misfit value. In addition, the preferred model was derived by setting error thresholds of 5% on apparent resistivity and 5% on phase; this means that individual error estimates smaller than the prescribed threshold are increased to this value, but are left unaltered otherwise. 25. The electromagnetic distortion was computed numerically from the measured bathymetry (9) using a thin sheet of spatially variable conductance to simulate depth variations of the ocean. The area between longitudes 110°W and 115°W and latitudes 15°S and 18°S was discretized into 2-km by 2-km square cells and converted into a conductance map. The conductance in a given cell is simply the water depth times an average seawater conductivity of 3.3 S/m. The bathymetric distortion model also depends on the conductivity structure of the mantle, but previous work has shown that mutual coupling between surficial inhomogeneities and deep-mantle lateral heterogeneities is weak (38). Hence, the distortion is primarily a function of the sea-floor topography, and a 1D mantle model suffices for the stripping process. This model includes a 50-kmthick lithosphere of resistivity 1000 ohm-m overlying a more conductive mantle with a resistivity decreasing monotonically from 200 ohm-m beneath 50 km and terminating in a 1 ohm-m half-space below 600 km. The confidence intervals on the corrected MT tensor were calculated using the nonparametric jackknife (33 (2) and geochemical records of deep ocean ventilation (3, 4) , consistent with numerical modeling results showing a large dependence of highlatitude sea and air temperatures on the rate and mode of ocean thermohaline circulation (5) .
There are also indications of related SST change at lower latitudes (6) (7) (8) , but these are primarily based on planktonic foraminiferal isotope records that may be influenced by factors other than temperature. The SST of the warm ocean is nonetheless expected to play a crucial role in amplifying and propagating climate change because the partial pressure of water vapor, an abundant and effective greenhouse gas, depends exponentially on temperature (9) .
Here, we present alkenone-derived SST records from Bermuda Rise sediments in the northwest Sargasso Sea and from high-deposition rate sites in the southwest Sargasso Sea in order to evaluate the temperature history of the subtropical Atlantic Ocean during MIS 3. The Bermuda Rise is a sediment drift deposit northeast of the islands of Bermuda. Lateral sediment focusing within the North American Basin augments deposition at the site (10), so that late Quaternary sedimentation rates range from 10 to 200 cm/1000 years (1 ky) (11), some 5 to 100 times the open ocean average. As a result, Bermuda Rise sediments provide exceptional resolution in time. Core MD95-2036 (from 33°41.444ЈN, 57°34.548ЈW, at a water depth of 4462 m) is 52.7 m in length and contains sediments of Holocene through penultimate glacial (MIS 6) age (11) . We determined SSTs by alkenone paleothermometry (12) in contiguous 1-or 2-cm intervals throughout the 12-m section of the core corresponding to MIS 3. Sedimentation rates averaged 30 cm/ky during the interval, so that single samples represent 33 to 67 years of deposition on average.
Lipids were extracted from 1 to 4 g of freeze-dried sediment with a pressurized fluid extractor, and alkenone abundances were quantified by gas chromatography with flame-ionization detection (13). Down-core results are presented in Fig. 1 in units of the alkenone unsaturation ratio (U k Ј 37 ) and as estimated SSTs from the regression relation of Prahl and others (12, 14) . Our semiautomated analytical procedure allows the routine analysis of 50 samples per week with an external precision of 0.0058 U k Ј 37 units (0.17°C) (15). Dispersion of duplicate measurements in the interval from 2750 to 3000 cm exceeds the external precision because of a contamination problem that was encountered and eliminated early in our study (16).
Reconstructed SSTs ranged from ϳ15.5°to 21°C during MIS 3 and are associated with changes in sediment lightness (Fig. 1) , a proxy for the CaCO 3 content of the sediment at this location that has been previously correlated to the Greenland record of paleotemperature (11) . Millennium-to century-scale SST minima (stadials) were typically between 15.5°and 17°C, and maxima (interstadials) were between 19°a nd 21°C. The mean warming from stadial minima to interstadial maxima for 12 millennium-scale SST oscillations was 3.1°C (a range of 1.7°to 5.3°C). In addition, stadial minimum temperatures reached successively colder levels during MIS 3, from 17.3°C before interstadial 15 (IS-15) to 15.3°C before IS-5. The large SST changes documented in core MD95-2036 are consistent with ϳ1-per mil millennial variations in planktonic foraminiferal ␦
18
O measured in nearby core KNR31-GPC5 from the Bermuda Rise (8), although there are notable differences in the two proxy records that suggest either an important salinity influence on the planktonic ␦ 18 O (17) or changes in the season or depth of foraminiferal calcification.
Our temperature estimates are largely insensitive to the regression relation used to convert U k Ј 37 values to SST. For example, a calibration from a recent global compilation of core-top and contemporary mean annual SSTs (18) yields results that are nearly identical to those we obtained using a relation (12) based on culture experiments (14). In addition, measurements of box-core samples spanning the past 2500 years of sedimentation at the Bermuda Rise yield an average SST of 21.8°Ϯ 0.5°C (n ϭ 49) with the culture relation (19). Considering that this interval includes the Little Ice Age cold excursion (20), the 2500-year average is close to the modern annual mean and production-weighted SSTs at 0 m of 22.8°and 22.5°C, respectively (21). Changes in the contribution of fine-grained sediment to the site have not influenced measured U k Ј 37 values (22). Reconstructed millennium-and centuryscale SST oscillations at the Bermuda Rise are unexpectedly large in light of climate proxy data (23) and numerical models (24) indicating 2°to 5°C of warming between full glacial and present-day or Holocene-average temperatures in the region. In order to determine whether such variations were a local response to the movement of an oceanographic front or were associated with more widespread temperature change, we also measured U k Ј 37 ratios across selected events in cores from the Blake (KNR140-JPC27; from 30°01ЈN, 73°36ЈW, water depth of 3975 m) and Bahama (KNR31-GPC9; from 28°15ЈN, 74°26ЈW, water depth of 4758 m) outer ridges, in the southwestern Sargasso Sea (Fig. 2) . SSTs rose abruptly by 2°to 2.5°C during the transitions into IS-8, IS-12, and IS-14 at both locations (25), equivalent to one-half the warming observed at the Bermuda Rise (Fig. 1) . Absolute SSTs in the southwestern Sargasso Sea were higher than those at the Bermuda Rise throughout the studied intervals. At the Blake Outer Ridge, stadial cool episodes were warmer by 1°to 1.5°C, and at the Bahama Outer Ridge, the stadials were warmer by 2°to 3.5°C. In contrast, maximum interstadial temperatures at both southwestern locations were within 0.5°to 1.0°C of those at the Bermuda Rise for coeval events. The larger divergence of lower latitude SSTs from those at the Bermuda Rise during cold periods suggests that diminished poleward heat transport contributed to stadial cooling, an expected consequence of weakened thermohaline circulation (26). SST relations among these study sites thus support the interpretation of Bermuda Rise SSTs in terms of a regional climatic signal rather than a localized response to the movement of an oceanographic front.
To place SST results from core MD95-2036 on an estimated age scale, we correlated variations in sediment lightness with weight-percent CaCO 3 variations in core KNR31-GPC5 (correlation coefficient r ϭ 0.90), previously dated with radiocarbon and oxygen isotopic stage boundaries (3). However, this method produced ages for the SST events that were 2000 to 5000 years older than their apparent counterparts in Greenland paleotemperature (␦ 18 O of ice, ␦
O ice ) records, probably due to radiocarbon dating errors associated with carbonate dissolution and poor calibration and to uncertainties in the SPECMAP age scale (27). We therefore developed an alternative age model by maximizing the correlation between Bermuda Rise SSTs and layer-counted variations in Greenland ␦
O ice . Using 146 tie points, we obtained a correlation coefficient of 0.83 between the two series (28). This correlation results in a linear relation of amplitude between the two paleotemperature records (Fig. 3A) ; all major variations in the ice core are observed at the Bermuda Rise.
Although this age model lacks absolute chronologic control, on the basis of the linear covariation of millennium-and century-scale features, we reason that it provides the best possible estimate of relative age. We know of no mechanism by which to delay the climate signal while preserving the linear relation of amplitude for both brief and long-lasting events (Fig. 3A) . Furthermore, because the heat capacity and mixing time of the atmosphere are small with respect to those of the ocean, the atmospheric adjustment to such large oceanic changes is expected to be nearly instantaneous, on the order of days to years. Absolute uncertainty of the time scale is approximated by the error associated with counting annual layers in the Greenland Ice Sheet Project 2 (GISP2) ice core, which is 5% (29), or 1500 to 3000 years in MIS 3. Relative uncertainty of the SST chronology is 10 to 100 years during stadial cool episodes, when inferred resolution and sedimentation rates (Fig. 3D) are high, and 100 to 1000 years during interstadial warm periods, when inferred resolution and sedimentation rates are low (30).
The inferred amplitude lock of the SST and ␦
O ice series (Fig. 3A) suggests that Bermuda Rise SST variations were one-third to one-half of Greenland air temperature variations, depending on the ␦
O ice -temperature relation used to estimate isotopic paleotemperature (31). The SST record also contains abrupt features not yet identified in the ice core. The most important of these are large (3°to 5°C) oscillations that interrupt rapid warmings at the onset of IS-8 and IS-12 (Fig. 3, B and C) . These events probably occurred entirely within the stadial-interstadial transitions marked by ␦
O ice in GISP2 and Greenland Ice Core Project (GRIP) ice cores, a period of not more than 250 years (28). Estimated rates of sedimentation, as determined by correlation to GISP2, rose during these transitions (Fig. 3D) , whereas associated SSTs sank to minima that were substantially colder than preceding stadial temperatures (Fig. 3B) . We thus speculate that transitional cooling episodes were associated with enhanced meltwater and iceberg delivery of sediment to the North Atlantic Basin during Heinrich events 5 and 4 (at the onsets of IS-12 and IS-8, respectively) (2) and consequent meltwater suppression of North Atlantic thermohaline circulation (4, 32) . A limited number of benthic foraminiferal Cd/Ca measurements from IS-8 in core MD95-2036 and additional Cd/Ca and ␦
13
C measurements from correlative levels in core KNR31-GPC5 support diminished rates of North Atlantic Deep Water formation during Heinrich event 4 (8) . Similarly abrupt climatic shifts and deep ocean changes have been previously inferred in association with this event in both the subpolar North Atlantic (2, 32) and the western equatorial Atlantic (7). Our results demonstrate that large millennium-to century-scale changes in SST were not restricted to the polar and subpolar North Atlantic, but extended well into the subtropics. Indeed, rapid SST changes in the northern and southwestern Sargasso Sea (2°to 5°C and 1°to 2.5°C, respectively) were as large or larger than full glacial-Holocene mean annual SST differences reconstructed by the CLIMAP (Climate: Long-Range Investigation, Mapping, and Prediction) project (23) with foraminiferal transfer functions. They are also comparable to alkenone-derived SSTs from Bermuda Rise core KNR31-GPC5, indicating a deglacial temperature increase of 5.4°C (from 16.5°to 21.9°C) (33). Amplitudes of the largest MIS 3 SST events in the subtropical North Atlantic have a distribution similar to that observed in a number of coupled atmosphere-ocean models simulating SSTs for Last Glacial Maximum versus modern boundary conditions (24). The presence of such large SST variations over the warm ocean may help to explain observations of abrupt climate events at locations distant from the subpolar North Atlantic and Greenland [for example, (6, 34 )] through direct thermal forcing and the temperaturewater vapor feedback. 13. The split sediment core was sampled with standard trace-organic clean procedures. Samples were stored frozen at Ϫ20°C and freeze-dried just before extraction. After drying, 1 to 4 g of sediment was weighed, and an equivalent quantity of sodium sulfate (a dispersing agent) and 2 g of ethyl triacontanoate (a recovery standard dissolved in 20% acetone in hexane) were added. The mixture was loaded into a stainless steel cell and extracted on a Dionex ASE-200 pressurized fluid extractor with methylene chloride at 150°C and 2000 psi for ϳ25 min. The solvent was evaporated on a Zymark Turbovap II, and the lipid extract was transferred to a 2-ml autosampler vial. The extract was redissolved in 400 l of toluene containing 2 g of n-hexatriacontane (n-C 36 , a quantitation standard) and derivatized with bis(trimethylsilyl)trifluoroacetamide (Aldrich) at 60°C for 1 hour. C 37 methyl ketones (alkenones) were quantified by capillary gas chromatography on a Hewlett Packard 6890 with a Chrompack CP-Sil-5 column (60 m by 0.32 mm inner diameter), a programmable temperature vaporization inlet in solvent-vent mode, and flame-ionization detector, all controlled by Hewlett Packard Chemstation software. 14. U k Ј 37 ϭ 37:2/(37:2 ϩ 37:3), where 37:2 is the diunsaturated C 37 methyl ketone, heptatriaconta-15E,22E-dien-2-one, and 37:3 is the tri-unsaturated C 37 methyl ketone, heptatriaconta-8E,15E,22E-trien-2-one (12) . Laboratory cultures of the prymnesiophyte Emiliania huxleyi grown at 8°to 25°C produced a linear relation between water temperature (T) and U k Ј 37 of the form U k Ј 37 ϭ 0.034T ϩ 0.039, r 2 ϭ 0.994 (12) . A nearly identical relation, U k Ј 37 ϭ 0.033T ϩ 0.044, r 2 ϭ 0.958, was obtained for a worldwide assortment of core-top sediment values (n ϭ 370) regressed against associated mean annual 0-m SSTs (range of 0°to 29°C) (18), supporting the culture regression (12) Whirl-Pak plastic sample bags (Nasco, Fort Atkinson, WI) that contaminated the dry sediment with a compound having similar retention characteristics to the 37:3 alkenone. The partial coelution of the two compounds hindered quantification of the alkenone. In instances where the contaminant peak area equaled or exceeded that of the alkenone, the sample was not used for the SST reconstruction. The remaining contaminated samples were analyzed with three different chromatographic methods. The results of all analyses are plotted in Fig. 1 , but only those SSTs determined with the optimized final method (that is, those giving the best separation between the contaminant and alkenone) are connected by a line. Only the results of the optimized method are plotted in Fig. 3 . In all, 2.5 m, or 250 samples, of the 12-m section studied were affected. When the source of the contaminant was identified, a revised protocol employing precombusted glass sample vials was implemented. 17. The near-constant planktonic ␦
18 O values characterizing stadial periods and the similar amplitudes of interstadial isotopic depletions differ from the trend of decreasing stadial SSTs and widely varying (2°to 5°C) interstadial warming periods evident in the alkenone record (Fig. 3A) . The lack of a trend in isotopic depletion through MIS 3 suggests decreasing salinity during subsequent stadials. 
